The genus Geum L. (Rosaceae) comprises about 60 species widespread all over the world except in tropical and arctic regions. G. rivale L. and G. urbanum L. are perennial herbs commonly distributed in Poland in deciduous forest, parks and meadows. Both species are used in traditional medicine. The roots of G. urbanum (Gei urbani rhizoma et radix) are used as astringent agents in treating diarrhea, indigestion, gingivitis and haemorrhoids. The aerial parts of G. urbanum (Gei urbani herba) and rhizome of G. rivale (Gei rivali rhizoma) are used in a similar way, but less frequently [1, 2] . Previous research shows the presence of tannins and phenolic acids in aerial and underground parts of the investigated plants [3, 4] . Aerial parts of G. rivale were also reported to contain flavonoids, triterpenes and sterols [4] . Essential oil is known for the roots of Geum species, and recently the presence of volatiles in aerial parts of G. iranicum was reported [5] . The essential oil composition of G. urbanum and G. rivale roots growing in Germany has been published so far [6] , but, to the best of our knowledge, no studies have been carried out on the volatile constituents of aerial parts of the plants. The aim of this study was to investigate the chemical composition of essential oils of roots and aerial parts of G. rivale and G. urbanum growing in Poland.
The content of essential oil in the plant material was small, as has been reported before in the case of G. iranicum [5] . In total, 130 compounds were identified in the studied material, most of them in the aerial parts of the plants. The identified compounds accounted for 92.9-99.6% of the investigated oils. The results of the analysis are shown in Table 1 . The components are listed in order of their elution time from an Rtx-1 column.
In the essential oils from the underground parts of G. rivale and G. urbanum, 31 and 32 compounds were identified, respectively, comprising 97.5% and 99.6% of the oils. The composition of the oil from G. urbanum root was dominated by eugenol (69.2%), followed by cis-myrtanal (15.3%), and related compounds with a pinane skeleton: trans-myrtanol (3.2%), myrtenal (3.0%), trans-myrtanal (2.9%) and myrtenol (2.1%). These six compounds accounted for 95.7% of the oil. Some other monoterpenes were detected, but only in small amounts (0.9%), with phellandral (0.5%) being the most abundant one. Besides these, the oil contained also 1.6% of the bicyclic ketone -nopinone. Pinane derivatives were the dominant group in G. rivale root oil with the main compound being cis-myrtanal (53.3%), followed by trans-myrtanal (7.1%), trans-myrtanol (6.8%), myrtenal (6.1%), myrtenol (5.5%) and cis-myrtanol (4.5%). Other monoterpenes accounted for 6.1% of the oil, with linalool (2.4%) being the most abundant one. The content of eugenol (2.9%) was very low in comparison with G. urbanum root oil.
The qualitative composition of the essential oils from the roots of G. urbanum and G. rivale were largely in agreement with a previous study [6] . Most compounds identified in that study were also detected in our samples, among them all the major compounds. However, we managed to identify 12 compounds that have not been reported so far in the essential oil from G. urbanum root, and 12 that have not been reported for G. rivale root. Some quantitative differences were also found, especially in the essential oil from underground parts of G. rivale. The content of cis-myrtanal in our sample was almost 15% higher, while the content of trans-myrtanal, myrtenal and myrtenol was about 5% lower in comparison with the essential oil from underground parts of G. rivale growing in Germany [6] . These differences could probably be explained by different place of collection, collection time or distillation duration.
Essential oils from aerial parts of G. rivale and G. urbanum contained 83 and 100 compounds, respectively, representing 95.5% and 92.9% of the oils. The compositions of the two oils were similar, but very different from those of the root oils. Aliphatic alcohols were the major group of compounds. (Z)-3-hexenol (38.4%) and 1-octen-3-ol (14.6%) dominated the oil from G. urbanum. The same compounds, but in the opposite order, were predominant in the oil from G. rivale; 3-octen-1-ol comprised 33.9% and (Z)-3-hexenol 16.2% of the oil. The oils contained also a variety of sesquiterpenes (32 different compounds), with (E,E)-αfarnesen being the most abundant in this group in both samples. Some monoterpenes and (Z)-3-hexenyl esters were also detected. The compounds, that dominated in the root essential oils, i.e. eugenol and monoterpenes, with a pinane skeleton, were present only in small amounts. Eugenol is an important natural compound with many biological properties [7] , including antioxidant [8] , antimicrobial [9] , antifungal [10] , analgesic [11] , anti-stress [12] , anticancer [13] and gastroprotective [14] activities. Myrtanal is a less common compound. It is present in reasonable quantities in underground parts of some Geum species [6] , as well as in roots of some Paeonia species [15] . Its activity has not been much studied so far. However, there are some reports about its antimicrobial activity [16] . (Z)-3hexen-1-ol, called "leaf alcohol", and 1-octen-3-ol are frequently present in green parts of plants and are believed to be associated with their stress-response [17] . Owczarek et al.
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(1:1) as collecting solvent. The collected oils were dried over anhydrous sodium sulfate and stored at 4°C until analysis.
Chromatographic analysis:
The analyses of the essential oils were carried out on a Trace GC Ultra apparatus (Thermo Electron) with FID and MS DSQ II detectors and FID-MS splitter (SGE Analytical Science). Mass range was 30-400 amu, ion source-temperature: 200°C, ionization energy: 70eV. Operating conditions: apolar capillary column Rtx-1 MS (Restek, 60 m × 0.25 mm i.d., film thickness 0.25 µm), temperature program: 50-300°C at 4°C/min, SSL injector temperature 280°C, FID temperature 300°C, split ratio 1:20, carrier gas helium at a regular pressure 200 kPa; polar capillary column TraceGold TGWax-MS A (Thermo Scientific, 30 m × 0.25 mm, film thickness 0.25 µm), temperature program: 50-245°C (30 min) at 4°C/min, SSL injector temperature 250°C, FID temperature 260°C, split ratio 1:20, carrier gas helium at a flow rate of 0.8 mL/min.
Identification of compounds:
Identification of compounds was based on the comparison of their MS with commercial libraries (NIST 98.1, Wiley Registry of Mass Spectral Data 8 th edn, and MassFinder 4.1) along with relative retention indices (RI, non-polar column and polar column). Identification of myrtanal isomers was based on comparison of their retention indices with literature data, but only on a polar column [6] .
